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THE RESIDUAL'EFFEETSJOF ZINC FERT[LiZATICN v
" e E Leggett &
ABSTRACT

The residual value of zinc fertillzer applied to Portneuf silt loam
near Kimberly, ldaho was determined by three methods, a) DTPA~extract-
able.Zn, b) plant growth and Zn upfake_by beans (Phaseolus vulgarls)
grown in a field experiment, and c) ﬁlanf growth and Zn uptake by beans
Qrown in @ pot experiment on soll +éken from field plots previously
fertillzed with Zn,

The plant growth and Zn uptake data from the field and pot
experiments Indicate that application of 10 Ib Zn/A Is adequate for at
least three hean crops, DTPA-extractable Zn on samples taken In 1983
indicate adequate available Zn for a fourth crop. The soll +e§+s are
stitl above 1 ppm and they decrease slowly with time. Thus, the singie
10 Ib Zn/A will llkely suffice for several more crops. The experiment

is belng continued.

v

Proceedings, 34th Annual NW Fertiiizer Conference, Portland,

Oregon, July 12-13, 1983.

¥4 Soil Sclentist, Snake River Conservation Research Center,
USDA-ARS, Kimberly, 1D 83341
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INTRODUCTION

Relatively few.repor+s.exls+ in fhe.ll+era+ure dealing with fleld
studies of residual zinc. Boawn et al. (1960) first reported pronounced
residual effects of Zn appl!led to a neutral soll In cenfral Washington.
They showed that Zn rates ranging up to 16 1b Zn/A iﬁcreased the 0.1 N |
HCl-extractabte Zn from the soil and Increased the Zn uptake bf crops
for as long as 6 years. Brown et al. (1964) related the resldual
response of crops fo fleld applications of different Zn rates, time
since applications were made, and the dIfhizone—ex?raéfable Zn. Vlsual
effects on plant growth were evident 3 or 4 years after the Zn was
applied. Boawn (1974, 1976) reported results from two experiments
conducted on calcareous and non-calcareous soils In Washington. Seven
crops of corn (Zea mays L.) were grown on these experiments. He
conciuded that a new elevated equilibrium IeQel of 0.1 N HCI- or
DTPA-extractable Zn persisted through the seven crops when as little as
5 Ib Zn/A was applied. The enhanced availability of Zn as measured by
soil tests was also evident from the Zn uptake by each of the crops.

Residual Zn effects have been reported as long as 4 years after
field application from California (Zink, 1966), Michigan (Vinande et
al., 1968}, and Virginita (Schnappinger et al., 1972).

The work reporfed here was conducted to supply answers to
trequentiy asked questions concerning the need for frequent appiicatlon

of Zn to beans (Phaseolus vulgaris) grown In southern ldaho.

METHODS AND MATERIALS
A field experiment was conducted on Portneuf silt loam near
Kimber!y, ldaho wherein the plots were large enough tfo continue them for

several years to de+ermlne.+he residual value of Zn fertilizer. The
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piots (20x45 f¥) were cropped fd beans each of 3 year#. Starting in
1980, 10 |b Zn/A was applied to selected plots; in 1981 an additional
10 tb Zn/A was applied to some of the previously treated plots as well
as to prevliously unfertilized plots. Similar T}ea+men+s'were applied a
third time in 1982, Thus, in the third year_fhe total applied zinc
amounted to ¢, 10, 20, and 30 {b -Zn/ﬁ. In addition the single 10 Ib
Zn/A appiied In each of the 3 years allowed evaluating the residual
effects of these single applications. The zinc was applled by spraying
zinc sulfate solution on the soll surface before plowing. The:
+reatments were evaluated on the basis of soil tests for availabie Zn,
plant growth In the field, and by pot tests using soll from the
field~treated plots,

Soil samples conslisting of 15 cores per plot fo a depth of 12 In.
were taken from each plot in the spring of each year. They were dried
at 30 C, sieved (2 mm) to remove debrIs, and analyzed for
DTPA-extractable Zn (Lindsay and Norvell, 1978).

The beans were planted about June 1 each year. They were furrow
irrigated according to the nseds established by tensiometers placed in
the rows at 12- and 18~in depths. Plants were sampled (15 whole plants)
at varlous times, washed in dis+1!!ed water, dried at about 55 C,
welghed, and ground to pass & 40-mesh screen In a Wiley mili equlpped
with stalnless steel blades and screen, Bean yields were measured by
harvesting two 30-ft rows from each plot when the crop was mature.

An additional evaluation of residual zinc was made by growing
Sanilac beans in a growth chamber on soil (0 to 12 In) from some of the
variously treated field plofts. Besides the soll as [+ came from the

field, treatments also Included fresh appilcations of 10 ppm Zn as zinc
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squafe. Each pot contained 4.5 kg of sofl. De-ionized water was added
as needed to bring the soil meisture to 25 percent by weight.
Supplemental N, P, K, and S were added to all pots to ensure adequate
amounts of these nufrlenfs._ The beans were allowed to grow for
approximately 4 weeks. The above-ground portions were harvested and
processed In the same way as the field sampies. All plant samples were
digested In a mlxture of nitric and perchioric acids (3+1). The
resulting solution was difuted and analyzed for Zn and several other -

mineral constituents.

RESULTS AND D!SCUSSION
Soll Tests
The DTPA-extractable Zn (Table 1) indicates marked responses to
applied Zn and that the Increased soil tTests persisted into succeeding

years, The soll test values measured in 1983 indicate only slight

d! fferences among the 10 Ib Zn/A applications made In 1980, 1981, and
1982, All of the levels were increased well above the 0.6 ppm Zn
considered adequate for good crop growth., In addition values resulting
from accumulative 20 or 30 Ib Zn/A show step-wise .Increases.

When the 1982 soll tests are plotted against the amount of Zn
app!led over the 3 yearé, the data form a sfrafghf itne that Indicates
the DTPA-extractable Zn increases about 1.0 ppm from applying 7 Ib Zn/A.
Boawn (1971} showed that the DTPA soil test Increased 1.0 ppm for each
7 Ib Zn/A appliied and that both the 0.1.5 HCl and DTPA soil tests on
Warden fine ‘sandy loam In central Washington responded lineariy to
appllcation of as much as 800 Ib Zn/A., Comparlison of the iwo methods
indlcates that the ratio of DTPA-Zn to 0.1 N HCl-Zn was approximately

0.625.
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Vajues for the 1983 sampl ing appear to be generally lower than
those obtalned In 1982, although by current cailibration they are still
adequate, This general decrease may result from reversion of the Zn to
un-extractable forms or it may be a seasonal fluctuation. The latter
seems reasonable, since the 1983 vatues for the single 10 Ib Zn/A
appiled in each of the 3 years all are eésenfially the same. The 1982
application showed the same decrease after 1.year as did the 1980
appl ication after 3 years. |f reverslon of Zn 1o un-exfracfabfe forms
were occurrlng, the Zn_applied in 1980 should have reverted the most.

These results are similar to those presented by Boawn (1974, 1976)
for calcareous and non-calcareous solis |n Washington. The
OTPA-extractable Zn In his studies decreased faster than those obtained
In this study, but elevated soll fesT values persisted throughout
7 years from a single application of 10 Ib Zn/A on both seolls, however,
they were considered adequate for.only the first 3 years. He concluded
that +he extractablie Zn levels appeared to approach a new equilibrium
value for each level of Zn applied. Application of 20 1b Zn/A was
adequate for 7 years on both solis studied and may provide an adequate
leve! of Zn for many years, slnce the final values measured were sTIIi
wel| above the adequate level.

Zn Uptake Field Experiment

In each of the three years the beans not fertilized with Zn showed
sffong to severe zlnc deficiency symptoms. Those fertillzed with Zn
grew normally., The results of plant analysis on whole plant samples
taken on July 16, 1982 are shown in Tabie Z.

The dry welghts of all Zn fertlllzed plants were nearly the same,

Zn concentration, however, Increased with increasing soll test as a
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resuit of Increasing Zn fertilization. As a consequence Zn uptake
increased as Zn fertilization increased. |1 is significant Yo note that
Zn uptake on July 16 was essenfiaily the same for the three single 10 Ib
Zn/A applled in each of 3 years.

Boawn (1974) measured Zn uptake by corn where Zn was applied 1, 2,
3, or 4 years previously. All values were the same as for a current
season application for corn grown on the noncalcareous Shano soil (0.185
to 0.197 Ib Zn/A) and shbwed only a slight decrease In the fourth year
for that grown on the calcareous Hezel soll {0.261 to 0.355 Ib Zn/A).
These levels of uptake are much larger than those measured for beans [n
the experiment reported here which averaged generally less than 0.1 |b
Zn/A. This difference in Zn removaliby the two crops may be a factor in
the more rapld decrease In solfls fest Zn given by Boawn. Especlally
since a!ll above ground portions of the corn ﬁere removed, whereas the
bean straw was returned 1o the plots during bean harvest. Thus, about
three or more times more Zn was removed from the soll in the corn
experiments as was removed from the bean experiment.

b en
A third indication of the residual value of Zn fertllization is
shown in Table 3. The plant growth date indicate a marked response to
restdual Zn regardless of which of the 3 years i1 was applied. Where
10 {b Zn/A had been applied, plant grbwfh was more than 2.5 times that
from the unfertilized treatment., For the 30 Ib Zn/A accumulative
treatment plant growth was Increased almost 4 times that from the
unfertilized soll. The Zn concentration of the plants increased only
si{ightly untll maximum growth was obtained and then Increased markedly

with Increasing Zn availability, thus both plant size and Zn
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conceﬁ;raTIon Increased Zn uptake. Again, fhé three single 10 Ib Zn/A -
applications made Iﬁ 3 different years showed equal Zn uptake.
Addittonal uptake occurred from the 30 lb.Zn/A gccumu!anve treatment
and where the fresh Zn applications were made af.fhe bég!nning of the
pot experiment. The Increased Zn évaitabilify reéul?!ng from the fresh'
applications and the high rate applled in the field probably resuits
from the small pots (4;5 kg soll) and the raﬁid growth rate the plants
experienced under the favorable conditions In the growth chamber. Such

Increases were hot evident in the fleld experiment,
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SUMMARY

The data presented here clearly Indicate a residual valﬁe of Zn
fertilizer applied to Portneuf silt loam. The effect was measured fhfee
ways: {(a) increased soil fesf ievels, (b) analysis of plants grown !h a
field experiment Througﬁ three crops of beans, and {(c) growth and Zn
uptake of beans grown in a growth chamber experiment using éoll obTaIngd
from field plots previously fertilized with Zn.

The results indicate that afTer'Thrée crops of beans the
DTPA-extractable Zn Is a reliable Indicator of Zn adequacy. The values
initially about 0.5 ppm Zn were increased to near 1.7 ppm as a result of
applying 10 ib Zn/A and were still near 1.5 ppm after three crops.

Values above 0.6 ppm are considered adequate for good crop growth.
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Table 1, The DTPA—EXTracTabIé Zn as affected by time of applica+ion and
sampling date, resulting from field application of Zn fertiiizer

Zn Applied. DTPA-EfoacTab!e Zn
1980 1981 1982 1980 1981 1682 1983
Ibs/A | o

0 0 0 0.4 40.42 0.4 £0.05 0.5 £0.10 0.4 +0.05
10 0 0 1.6 £0.26 1.8 +0.28 1.7 #0.11 1.4 0.2
0 10 0 0.540.05 1.8 £0.17 1.9 #0.53 1.2 40.21
0 0 10 0.420.05  0.420.10 1.7 #0.54 1.5 +0.14
10 10 0 1.640.26  3.430.32 2.9 $0.53 2.3 $0.63
0 10 10 0.5 0.05 2.1 #1.25 3.5 £0.61 2.4 +0.21
10 0 10 1.430.28 1.9 $0.36 2.8 $0.25 2.1 40.38

10 10 10 1.4 +6.28 3.2 10.31 4.6 +0.94 3.0 #0.12

Date Sampled 5/80 5/81 . 5/82 3/83




Table 2. The plant Yield Zn concentration and Zn'ﬂpfake of Viva beans
grown in the field, sampled July 16, 1982, variousty fertilized

with Zn.
Zn Applied :
DTPA-Extr Dry Zn Zn
1980 1981 1982 Zn - 1982 Weight  Conc, Uptake
tbs/A ' ppmm Ibs/A ppm Ibs/A
0 0 o - 0.45 950 - 17.7 0.0167
10 0 0 1.70 1350 24.2 - 0.0326
0 10 0 1.90 1120 24.0 0.0268
0 o 10 1.70 1230 26.5 0.0325
10 10 0 . 2.90 310 29.0 . 0.0379
0 10 10 3.55 1290 - 29.0 0.0375
10 0 10 2.82 1280 31.0 0.0395
10 10 10 4.57 1260 33.0  0.0416
LSD 0,05 | 190 5.0 0.009

0.01 260 6.8 . 0.012




Table 3. The yield, Zn concentration and Zn upTake of beans grown in
pots on soll from field plots fertillized with Zn at differenf
Times

Zn Applied To

Field Pots DTPA- ) '
- Extr. Dry Wt. - ZIn Zn
1980 1981 1982 1983 Zn ' Conc. Uptake
1bs/A ppm ppm g/ pot ppm g/ pot
0 0 0 0 0.6 1.74 0.0 17
0 0 0 10 - 7.2 7.0 121
10 0 0 0 1.5 .77 125 58
10 0 0 10 7.36 19.0 140
0 10 0 0 1.7 4.61 11.6 53
0 10 0 10 8.25  19.0 156
0 0 10 0 1.7 4.92 12,0 59
0 0 10 10 7.60 - 20.6 156
10 10 10 0 4.6 6.87 i?.o 17
10 10 10 10 7.90 21.6 170

LSD 0.05 2.38 5.0 62
0.01 3.26 6.8 82




